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 Doctoral Thesis 
Chapter 1. Introduction 
Asymmetric reactions using organocatalyst has gained a lot of attention in recent years. 
Organocatalysts having various structures and functions have been developed in these years and 
have been applied to various asymmetric catalytic reactions. In this realm, our laboratory has 
successfully developed chiral phosphoric acid (CPA) derived from enantiomerically pure 
binaphthol (BINOL) which is currently one of the most versatile chiral Brønsted acid catalysts. The 
chiral phosphoric acid catalyst has a phosphate moiety as an important feature with Brønsted acid 
and basic site within the same molecule and thereby can interact with both nucleophile and 
electrophile via hydrogen bonds. Therefore, it can be called as “dual function by a monofunctional 
catalyst’’. The asymmetric environment and catalytic activity are easily adjusted by introducing a 
steric or electronic substituent at the 3,3' position of the binaphthyl skeleton (Figure 1). 
Figure 1. Characteristics of Chiral Phosphoric Acid Catalyst. 
 
 
As described above, a number of enantioselective reactions have been successfully 
established by using these catalysts. However, there still remains many unresolved challenges in 
the chiral Brønsted acid catalysis. In order to further expand the scope of enantioselective 
transformations using chiral Brønsted acid, the development of new catalytic reaction systems and 
novel catalysts is distinctly desirable. 
In this doctoral study, we proposed the development of enantioselective allylic substitution 
reaction and designed a structurally altered Bis-Phosphoric Acid catalyst and evaluated the 
important factors influential on the stereochemical outcome of the product. 
 
Chapter 2. Development of Enantioselective Allylic Substitution Reaction 
    Allylic Substitution reaction is one of the most efficient synthetic tool for the construction of 
carbon-carbon and carbon-heteroatom bonds. The method utilizes substitution reaction of allylic 
alcohols and their derivatives with diverse nucleophiles. A variety of substitution reaction are 
known using carbonates or acetates as leaving group for the activation of allylic substrate (Figure 2. 
(a)). The major disadvantage of this strategy is the use of a metal catalyst which is not 
environmental friendly. Therefore, development of a metal-free strategy is highly advantageous, 
hence, we envisioned an intermolecular SN2' reaction based on activation of a leaving group and a 
nucleophile by Brønsted acid.  
 The initial hypothesis for the Brønsted acid catalyzed allylic substitution involves an allylic alcohol 
containing a leaving group and nucleophile goes into a simultaneous activation later on a SN2' 
reaction will result in the formation of product (Figure 2. (b)). 
Figure 2. Catalytic Enantioselective Allylic Substitution Reaction. 
 
 
    The investigation of optimal conditions began by allyl ether having 3-nitro-2-pyridyl moiety as 
a leaving group and 1-Methylindole as a nucleophile in the presence of chiral Brønsted acid catalyst. 
In result, the desired alkylated indole was obtained with the induction of enantioselectivity and 
moderate regioselectivity (Scheme 1). 
Scheme 1. Chiral Brønsted Acid Catalyzed Intermolecular Allylic Substitution Reaction. 
 
 
 
 
 
 Chapter 3. Design and Development of Chiral Bis-Phosphoric Acids 
Bis-Phosphoric Acids consist of small reaction pocket and higher acidity due to 
intramolecular hydrogen bond, due to this nature, their development is very crucial to extend the 
range of enantioselective transformations. In this context, we developed a highly acidic and 
structurally altered Bis-Phosphoric Acid derived from the BINOL dimer based on rigid axial 
chirality and its catalytic efficiency is confirmed in Diels-Alder reaction. A detailed structural 
analysis was done to evaluate the importance of the dihedral angle in the stereochemical outcome 
of the product. As a result, it was confirmed that the chiral axis concerned with the peripheral 
dihedral angle (Cb-Cc-Cd-Ce and Cb’-Cc’-Cd’-Ce’), namely, the axis involved in the cyclic phosphate 
unit, influences the stereochemical outcome markedly and the narrow dihedral angle is essential to 
achieving the highly enantioselective Diels-Alder reaction (Scheme 2). 
Scheme 2. Design and Development of Chiral Bis-Phosphoric Acids. 
 
Chapter 4. Conclusion 
In this doctoral research, entitled Design and Development of Chiral Bis-Phosphoric Acids and 
Enantioselective Allylic Substitution Reaction, we aimed at the development of a new strategy for a 
metal-free enantioselective Allylic Substitution Reaction was envisioned based on the simultaneous 
activation of leaving group and nucleophile by chiral Brønsted acid catalyst using the 
intermolecular SN2' reaction. 
The desired alkylated indole was obtained with the induction of enantioselectivity and moderate 
regioselectivity. 
In another work, a highly acidic structurally altered Bis-Phosphoric Acid catalyst derived from the 
BINOL dimer was developed based on rigid axial chirality and its catalytic efficiency was 
confirmed in enantioselective Diels-Alder reaction. A detailed structural analysis was done to 
evaluate the important factors inflectional on the stereochemical outcome of the product. 
  Due to bulkiness and high acidity, we aimed that further application of this newly developed 
catalyst will be of great interest and it will broaden the scope of enantioselective transformations. 
